We present the genome sequence of Rhizobium sp. strain CCGE510, a nitrogen fixing bacterium taxonomically affiliated with the R. leguminosarum-R. etli group, isolated from wild Phaseolus albescens nodules grown in native pine forests in western Mexico. P. albescens is an endangered bean species phylogenetically related to P. vulgaris. In spite of the close host relatedness, Rhizobium sp. CCGE510 does not establish an efficient symbiosis with P. vulgaris. This is the first genome of a Rhizobium symbiont from a Phaseolus species other than P. vulgaris, and it will provide valuable new insights about symbiont-host specificity.
P
haseolus albescens R. Ram. & A. Delgado is a nondomesticated species phylogenetically related to Phaseolus vulgaris (1, 2, 8) , and its symbiotic bacteria have not been described. P. albescens is at risk (2, 8) because it is distributed in a restricted area and threatened by changing land use, and few seeds are safeguarded. We isolated novel rhizobia from field-collected P. albescens nodules, including a representative strain designated CCGE510. Strain CCGE510 established an effective symbiosis with P. albescens, as inoculated plants were green and nodules were pink and reduced acetylene. Interestingly, P. vulgaris plants inoculated with this strain were yellow and nodules turned green soon after appearance.
The genome of Rhizobium sp. strain CCGE510 was sequenced with the Illumina GAIIx platform, producing 6,329,550 36-bp reads (ϳ32-fold coverage), and with the Roche 454 GS-FLX Titanium technology, generating 91.16 Mbp (ϳ13-fold coverage) from a mate-paired library. Illumina paired reads were assembled de novo using Velvet 1.2.03 (11). Contigs were fragmented by using the EMBOSS splitter (9) and were assembled with 454 matereads using Newbler Assembler 2.3 (454 Life Science). Reads were mapped to gap-surrounding sequences using Maq 0.7.1 (5) and the Newbler runMapping option. Mapping contigs and PCR amplifications were used to eliminate gaps. The final assembly produced 142 contigs with an N 50 size of 270.2 kb. Genome annotation was performed using the NCBI Prokaryotic Genomes Automatic Annotation Pipeline (PGAAP) (http://www.ncbi.nlm .nih.gov/genomes/static/Pipeline.html). Plasmids were detected using a modified Eckhardt procedure (4), and their sizes were estimated using regression equations comparing them with R. etli CFN42 plasmids.
The genome (6.9 Mbp, 60.8% GϩC content) consisted of a chromosome and four plasmids and coded for 6,642 predicted open reading frames. The chromosome (5.04 Mb) was distributed in one scaffold. Plasmid pRspCCGE510a (61.69 kb) seems to be unstable or recently acquired, as it is commonly absent in other P. albescens nodule strains. Plasmid pRspCCGE510b (270.27 kb), the symbiotic plasmid pRspCCGE510c (579.35 kb), and plasmid pRspCCGE510d (923.84 kb) were recovered as single scaffolds.
Small-subunit rRNA gene phylogeny indicated that Rhizobium sp. CCGE510 is related to R. leguminosarum strains; however, calculated average nucleotide identity (ANI) (10) separated it from that species. Symbiotic genes were related to those found in symbiovar (where "symbiovar" [sv.] means symbiotic variant) phaseoli, but overall symbiotic plasmid synteny was not as maintained as in phaseoli symbiotic plasmids (3). Some genes required for Nod factor synthesis were divergent from those of R. etli CFN42. Differences were also observed in secretion systems, including type III effector proteins and a transporter for the uptake of bean exudates. Strain CCGE510 may metabolize pine compounds, as P. albescens roots are intertwined with pine roots. R. etli sv. phaseoli strains are very competitive for P. vulgaris nodulation (6) , and the evolution of the phaseoli plasmid could have been driven by host selective pressures (6, 7) . Similarly, P. albescens bacteria seem to be better adapted to their host and not to P. vulgaris. P. vulgaris and P. albescens diverged about 1 to 2 million years ago (1); it is plausible that in the corresponding symbiotic plasmids (from P. vulgaris and P. albescens bacteria) differences have accumulated since host divergence. Nucleotide sequence accession number. The genome sequence has been deposited in DDBJ/EMBL/GenBank under the accession number AEYF00000000.
